Addition of humic and fulvic acids to a mixture of 2, 4, 6-trichlorophenyl 4-aminophenyl ether (chloronitrofen-amino or CNP-amino) and nitrite resulted in an increase of coloration over a broad range of wave length. The increase of coloration was found in all preparations of soil humic and fulvic acids tested. CNP-amino was not recovered from the reaction mixture by alkaline treatment, but by Na2S204 reduction.
INTRODUCTION
The nitro group of Biphenyl ether herbicides are rapidly converted to amino group in soil under flooded conditions.1,2) Yamada recovered significant amounts of CNP-amino (2, 4, 6-trichlorophenyl 4-aminophenyl ether, or chloronitrof en-amino) and nitrofen-amino (2, 4-dichlorophenyl 4-aminophenyl ether) derivatives through strong alkaline treatments.3) He established the method to obtain the maximum amounts of amino analogs from soil, and he also reported that the amino analogs were largely associated with the humin fraction of soil.4) An once formed CNP-amino derivative seemed to combine chemically with quinoid groups in the soil organic matter. 5 1. Preparation of HA and FA Humic acids (HA) and fulvic acids (FA) were prepared by NaOH extraction and HC1 precipitation from Sakai, Daisen, and Hokkaido soils according to the modified Simon method.lo-12) HA obtained from Wako Pure Chemical Industry Co., Ltd. was also used. HA was dissolved in 0.04 N NaOH at a concentration of 20 mg per 100 ml.
2. Reaction of HA and CNP-Amino in Nitrite Solution 0.2ml of 500 ppm CNP-amino acetone solution, 0.2ml of 80 ppm NaNO2, and 2.0ml of 0.1M acetate buffer (pH 4.8) were mixed and left to stand for 5 min at room temperature, and then 1ml of phenol (40 mg/ml), HA (0.1-0.8 mg/ml), or FA (0.1-0.5 mg/ml) solution was added to the mixture (total volume of 3.4 ml). The absorption spectra of the resulting mixture were recorded on a Hitachi type 201 spectrophotometer. In the figures and tables, brownish color of the mixture was expressed as absorbances at 400 and 600 nm (A400 and A600).
3. Recovery of CNP-Amino Derivative 0.5ml of 4 N NaOH and 10ml of benzene were added to the above reaction mixture, and CNP-amino derivatives were extracted three times with benzene by shaking for 3 min. After alkaline-benzene extraction, the mixture was reduced by adding 1 g of Na2S204, and allowed to stand overnight. The benzene layer was separated from the water layer by freezing (-30C) and fusion (room temperature) procedures. A Yanaco Model-80 gas chromatograph equipped with 63Ni foil electron-capture detector (ECD) was used for CNP-amino derivative analysis. The GLC column was 1 m X 4 mm i.d. of Pyrex glass packed with 3% OV-1 on 80-100 mesh Chromosorb AW. Operating conditions were as follows: injection and detector temperature at 230C; column oven temperature at 200C; flow rate of nitrogen carrier gas of 25ml per min.
Gel Filtration o f HA
HA solution treated with or without CNPamino and nitrite was applied to the column of Sephadex G-75 (1.5 X 30 cm), which separates different molecular sizes of substances with MW 3, 000-70, 000. Before application, HA reaction mixture was neutralized with crystalline NaH2PO4. HA applied was eluted with deionized water, and fractionated with a Toyo fraction collector at every 5 g.
RESULTS AND DISCUSSION
CNP-Amino and nitrite were incubated in acetate buffer at room temperature. An addition of phenol to the CNP-amino and nitrite mixture resulted in yellow coloration. An yellow addition of FA (Sakai), instead of phenol, to the CNP-amino and nitrite mixture resulted in an increase of coloration over broad range of wave length (Fig. 1) . Absorbance at 400 nm and 600 nm of some HA and FA with or without nitrite was listed in Table 1 . The increase of coloration was found in all HA and FA preparations tested. Figure 2 shows the pH Fig. 1 Increase of coloration by addition of fulvic acid to CNP-amino and nitrite mixture.
1: CNP-amino+nitrite (control). Fulvic acid (Sakai) was added to 0.1 M acetate buffer (pH 4.8) which contained nitrite (2), CNP-amino (3), or CNP-amino and nitrite (4). effect on the increase of coloration. A400 increased remarkably at pH 6 without any precipitation of colored material. Much precipitate appeared at pH 4.8, while only a little at pH 2.8 after letting the mixture stand for 2 days. Addition of conc. HCl to the mixture resulted in separation of colored precipitates from clear colorless supernatant. HA treated with CNP-amino and nitrite was washed 3 times with benzene under alkaline conditions. Figure 3 shows the ECD gas chromatograms of benzene extracts. No CNPamino was extracted with benzene after the alkaline treatments, and a large amount of CNP-amino was extracted after Na2S204 treatments ( Fig. 3-4) .
The HA solution from Daisen soil was separated into two fractions by means of Sephadex G-75 column chromatography.
Both of the two HA fractions had an ability to combine with CNP-amino in the presence of nitrite (Fig. 4A) . Before applying HA solution onto the column, the original HA solution was treated with CNP-amino and nitrite, as mentioned before. Then the reaction mixture was loaded on the top of the column. Almost all reaction mixture remained on the top by elution with deionized water, except that weak absorbance was detected at near fraction number 10 (Fig. 4B) . These results suggest that two fractions of HA could react with CNP-amino possibly by diazocoupling reaction, and that HA could become much larger molecules as humin.
The nitro group of the herbicide is converted to amino group by ferrous iron or microbial action under flooded soil conditions." 2) Nitrofen in thin films undergoes rapid photochemical reduction in near-UV light as reported by Draper and Casida.13) The CNP-amino derivative in soil seemed to combine chemically with quinoid groups of soil organic matter, 5 ) s> because CNP-amino reacted specifically with benzoquinone under neutral and room temperature conditions.s)
Ohyama and Kuwatsuka pointed out the possibility of a chemical reaction in which befenox-amino derivative reacts with nitrite to form diazo-compound.14) Lammerding et al. examined microbial conversion of 36 aniline derivatives to diazonium salts by using 2-naphthol trapping technique.15) The reaction was ubiquitous except for aniline in which strong electron withdrawing groups occurred. Our results suggested that CNP-amino could react with soil organic matter, which is regarded as a polymerized polyphenol compound in the presence of nitrite under weak acidic conditions. The nitrite is formed through nitrogen transformation processes, such as denitrification or nitrification.9) Coexistence of nitrite, amino group-bearing herbicide, and soil organic matter seem probable in heavily manured soil. The series of laboratory experiment in this paper suggested the possibility of diazocoupling reaction of CNP-amino with HA to form humin-like substances. CNP-Amino was not recovered by alkaline treatment, but by Na2S204 reduction (Fig. 3 ). Hsu and Bartha found that 55% of 3, 4-dichloroaniline was converted to nonhydrolyzable residues which may be integrated into nuclei of soil organic matter. 16) CNP-Amino and nitrof en-amino were also proved to be associated with humin f raction.3) 4) It may be concluded, therefore, that diazocoupling reaction of amino groupbearing herbicides with soil organic matterr to form humin-like substances is one of the probable reactions in several immobilization mechanisms for herbicides.
